It is proved that the quantum massive gauge field theory established in the former papers is renormalizable. This conclusion is achieved with the aid of the Ward-Takahashi identities satisfied by the generating functionals which were derived in the preceding paper based on the BRST-symmetry of the theory. By the use of the WardTakahashi identity, it is shown that the S-matrix evaluated by the massive gauge field theory is gauge-independent and hence unitary. This fact allows us to prove the renormalizability of the theroy firstly in the physical Landau gauge and then extend the proof to the other gauges. As a result of the proof, it is found that the renormalization constants for the massive gauge field theory comply with the same identity as that for the massless gauge field theory.
1.INTRODUCTION
As we mentioned in the first paper (which will be referred to as paper I hereafter), in the original attempts of setting up the massive gauge field theory without the Higgs mechanism 1−6 , the massive Yang-Mills Lagrangian, i.e. the Yang-Mills Lagrangian with the mass term added was regarded as to form a complete theoretical basis. In the theory, there are two problems which were announced to be difficult to solve: one is the gauge-non-invariance of the mass term in the action, another is the nonrenormalizability of the theory. To evade the gauge-noninvariance of the mass term, a formalism in which the mass term is given a gauge-invariant form by taking the advantage of the Stueckelberg field was subsequently proposed and attracted most attentions 7−10 . However, it was argued that the theory could not preserve the unitarity and renormalizability at the same time 10 . In paper I, the first problem has readily been circumvented from the viewpoint that the massive gauge field only exists in the physical space spanned by the transverse part of the vector potential. In this space, the gauge boson mass term of the action is gauge-invariant. If we want to represent the massive gauge field dynamics in the whole space of the vector potential, the massive gauge field must be viewed as a constrained system. The Lorentz gauge condition, acting as a constraint, should initially be introduced and imposed on the Lagrangian expressed by the full vector potential. From this point of view, it has been shown that the massive gauge field theory can well be established on the basis of gauge invariance.
In this paper, we are devoted to proving the renormalizability and unitarity of the quantum massive gauge field theory described in paper I. From the Feynman rules mentioned in Sect.4 of paper I, we have felt confident of that the theory is renormalizable because the free massive gauge boson propagator and the ghost particle one have the same behavior as the massless ones in the ultraviolet limit and except for the propagators, the other Feynman rules for the vertices are identical to those for the massless gauge field theory. Theoretically, to give a rigorous proof of the renormalizability, we need to utilize the Ward-Takahashi (W-T) identities satisfied by various generating functionals. These identities have been derived in the second paper (referred to as paper II later on) based on the BRST-invariance of the theory. Before proving the renormalizability, we firstly examine whether the S-matrix given by the massive gauge field theory is unitary? In Sect.2, based on the W-T identity, it will be proved that the S-matrix is independent of the gauge parameter. That is to say, the gauge-dependent spurious pole appearing in the ghost particle propagator and the longitudinal part of the gauge boson propagator would not contribute to the S-matrix. This fact just insures the unitarity of the S-matrix. The gauge-independence of the S-matrix suggests that it is sufficient to prove the renormalizability of the theory in one gauge. The Landau gauge is favorable to be chosen in the proof of the renormalizability because in this gauge, the W-T identities have the same forms as in the massless gauge field theory. Therefore, we may simply cite the reasoning given in the latter theory 6, 11, 12 to complete the proof as will be described in Sect.3 and the results obtained can directly compare with the massless theory. Then, we discuss how the proof can be extend to other gauges. From the proof, it will be seen that the divergences occurring in perturbation calculations can surely be eliminated by introducing a finite number of counterterms. As a consequence of the proof. it will be found that the Slavnov-Taylor identity 13 for the renormalization constants which was derived in the massless gauge field theory also holds for the massive gauge field theory. In the last section we will comment on the problem of unrenormalizability raised in the previous works and make some conclusions.
2.Unitarity
This section is used to prove the unitarity of the S-matrix calculated by the quantum massive gauge field theory. For this purpose, it is necessary to prove that the S-matrix is independent of the gauge parameter 6, 11, 12 . Let us start from the generating functional given in Eq.(2.7) in paper II. For simplicity, we omit the fermion field functions in the generating functional and rewrite the functional in the form
where
When we make the following translation transformations in Eq.(2.1)
and complete the integration over the ghost field variables, Eq.(2.1) will be expressed as
where Z[J] is the generating functional without the external sources of the ghost field.
in which
where the matrix M[A] was defined in Eq.(2.3). From Eq.(2.6), we may obtain the ghost particle propagator in presence of the external source J
The above result allows us to rewrite the W-T identity in Eq.(3.1) in paper II in terms of the generating functional Z[J]
11,12
is the usual covariant derivative. On completing the differentiations with respect to the source J, Eq.(2.10) reads 
When the source J is turned off, we get
This equation only affirms the fact that the ghost particle propagator is the inverse of the matrix M as was mentioned in Sect.3 of paper I. Now we are in a position to describe the proof of the unitarity mentioned in the beginning of this section. To do this, it is suitable to use the generating functional written in Eq.(2.7) and the W-T identity shown in Eq.(2.12) because the S-matrix only has gluon external lines, without ghost particle external lines. For simplifying statement of the proof, in the following, we use the matrix notation 12 to represent the integrals. In this notation, Eqs.(2.7) and (2.12) are respectively written as
where we have defined
with F corresponding to the gauge α, the subscript a,b or c stands for the color and/or Lorentz indices and the space-time variable, and the repeated indices imply summation and/or integration.
Let us consider the generating functional in the gauge α + ∆α where ∆α is taken to be infinitesimal
In the above,
According to the definition given in Eqs.(2.3) and (2.4), it is seen that 
For further derivation, it is necessary to employ the W-T identity described in Eq.(2.16). Acting on Eq.(2.16) with the operator
] and noticing 
One may reach the result
Since the ∆S is a constant (even though it is infinite), it may be taken out from the integral sign and put in the normalization constant N. Thus, Eq.(2.27) will finally be represented as 
where the renormalization constants Z F and Z F +∆F are gauge-dependent, According to the equivalence theorem 6, 11, 12 , however, the difference mentioned above does not influence on the S-matrix, that is to say, the S-matrix does not depends on the gauge parameter because the renormalization constants for the Green's functions and wave functions would be cancelled out in the S-matrix elements as easily seen from the reduction formula of the S-matrix. Therefore, for the renormalized S-matrix, we have 6.11.12
where k i designates all the quantum numbers and momentum of i-th particle.
The gauge-independence of the S-matrix implies nothing but the unitarity of the S-matrix because the gauge-dependent spurious poles which appear in the longitudinal part of the gluon propagator and the ghost particle propagator and represent the unphysical excitation of the massive gauge field in the intermediate states are eventually cancelled out in the S-matrix. From the construction of the theory, the cancellation seems to be natural. In fact, in the original Lagrangian written through the transverse vector potential as shown in Eq.(2.27) in paper I, except for the residual gauge degrees of freedom, there are no the unphysical longitudinal degrees of freedom. The occurrence of the longitudinal degrees of freedom in the theory arises from the formulation of the Lagrangian in terms of the full vector potential. However, all the unphysical degrees of freedom are restricted by the constraint conditions imposed on the gauge field and the gauge group. When these constraint conditions are incorporated in the Lagrangian, the theoretical principle we based on would automatically guarantee the cancellation of the unphysical excitations. The situation as shown in this section is just as we expect. The conclusion drawn from the above general proof can be easily checked in practical calculations, as will be illustrated in the next paper.
3.Renormalizability
It was mentioned in the Introduction that the renormalizability of the massive non-Abelian gauge field theory may be seen from the intuitive observation that the Feynman rules derived from the effective Lagrangian presented in Eq.(2.1), except for the gluon and ghost particle propagators, are the same as those given in the massless gauge field theory, and the massive propagators have the same behavior as the massless ones in the large momentum limit. In particular, the primitively divergent diagrams are completely the same in the both theories. These facts suggest that the power counting argument of analyzing the renormalizability for the massive gauge field theory is as useful as for the massless gauge field theory. Theoretically, to accomplish a rigorous proof of the renormalizability of the massive non-Abelian gauge field theory, it is necessary to implement a subtraction procedure to see whether the divergences occurring in the Green's function or the S-matrix can be removed by introduction of a finite number of counterterms in the action in a perturbation calculation 6, 11, 12 . This procedure, as one knows, amounts to the well-known R-operation invented by Bogoliubov, Parasiuk, Hepp and Zimmermann 12, 14 . In this section, for clearness, we firstly restrict ourselves to describe the subtraction procedure in the physical transverse gauge, i.e. the Landau gauge. Actually, it is enough to do so because the gauge-independence of the renormalized S-matrix mentioned in the preceding section tells us that if we are able to prove the renormalizability of the theory in one gauge, it would not be problematical in other gauges. Since all of vertices and even Green's functions may be derived from the proper vertex generating functional defined in Eq.(2.16) in paper II, we only need to deal with the renormalization of the vertex generating functional. The principal idea of proving the renormalizability of the theory under consideration is the usage of the W-T identities formulated in Sect.2 of paper II. In the Landau gauge, as mentioned before, these identities formally are identical to those for the massless gauge field theory. Therefore, the proof of the renormalizability almost is a repeat of the reasoning given in the massless theory. It is, of course, adequate to give here a brief description for the proof.
For simplifying statement, we write, as usual, the W-T identity in the Landau gauge, which was given in Eq.(2.30) in paper II, in the form
with defininĝ
Let us make use of the loop diagram expansion,which is a power series inh, the Planck constant, for the proper vertex generating functional
In the tree diagram approximation, as one knows, the proper vertex generating functional Γ 0 just is the generalized action as was used in Eq.(2.12) in paper II and, according to the definition given in Eq.(2.26) in paper II, it will be rewritten as
In the above, except for the gluon mass term, we still use A Certainly, for this operator and the gauge field as well as the last term in Eq.(3.4), the limit α → 0 should be understood in the following statements. Particularly, we emphasize that according to the additional renormalization scheme, all the quantities in Eqs.(3.4) and (3.5) are considered to be renormalized ones. In perturbative calculations. each loop term in Eq.(3.3) has to be regularized by an appropriate regularization scheme. The dimensional regularization 15 has been demonstrated to be a suitable scheme for the massive gauge field theory because it may preserve the BRST-symmetry in the whole process of regularization. Suppose the n-th termΓ n in Eq. 
In perturbative calculations, the divergences included in Eq.(3.3) may be eliminated order by order through a recursive construction of counterterms in the action. For instance, to eliminate the one-loop divergenceΓ d 1 which is generated by using the action shown in Eq.(3.5) in the perturbative calculation, we may choose a counterterm ∆S 0 such that
whose concrete form will be given later. It is apparent that when we use the actionŜ
to recalculate the functionalΓ 1 of orderh, the divergence in it disappears.
In general, to remove the divergent partΓ d n in the n-loop termΓ n of order h n , we need to introduce a counterterm like this
Adding it to the action, we havê
where theŜ n−1 has included the counterterms up to the orderh n−1 . The actionŜ n used to calculate theΓ n will lead to a finite result in the n-th order perturbation. The counterterms mentioned above may be determined with the help of the W-T identity. In fact, on substituting Eq. When Eq.(3.6) is inserted into Eq.(3.11), one may obtain a series of identities satisfied by the finite and divergent parts of theΓ n . Each of the identities contains terms which are of the same order of divergence. Furthermore, the action constructed in Eq.(3.10) is also required to fulfill the W-T identitŷ
From these requirements, one may derive the following equations
and from Eqs.(3.12), (3.10) and (3.9), it is easy to find
In the above, the operation ρ(Ŝ 0 ) is defined as 6.12 ρ(Ŝ 0
The divergenceΓ d n and thus the counterterm ∆Ŝ n−1 may be determined by solving Eq.(3.13) and (3.16) together, or, instead, by solving Eq.(3.14) and (3.16) provided that the actionŜ n−1 has been given in the former n-1 steps of recursion. The general solution to the above equations was already found in the literature 6, 12 . It consists of two parts as shown below
where the H a in the first term are functionals of the field variables A a µ ,ψ and ψ which are invariant with respect to the gauge transformation. Therefore, they obviously satisfy Eq.(3.13) or (3.14). These functionals, actually, can only be of the forms as the first four terms in Eq.(3.5). The second term in Eq.(3.17) follows from the nilpotent property of the operator ρ, ρ 2 = 0 (see Ref. (6)), while, the functional F n is arbitrary. However, the term ∆Ŝ n−1 as a part of the action demands that the F n must be a functional with minus mass dimension and minus ghost number. Moreover, the F n , as easily seen, must satisfy the ghost equation
With the requirements stated above, the form of the functional F n will be uniquely determined, as given in the following 6,12
It is noted that the coefficients a n a in Eq.(3.17) and b n i in Eq.(3.19) all depend on the regularization parameter, say, the ε = 2 − n/2 (which tends to zero, when n → 4) in the dimensional regularization. The operator ρ(Ŝ n−1 ) in Eq.(3.17) implies that we have chosen the counterterm ∆Ŝ n−1 to be the solution of Eq.(3.14) for convenience of later recursion.
Up to the present, the counterterm ∆Ŝ n−1 appearing in Eq.(3.10) has explicitly been constructed as given in Eqs. (3.17) and (3.19) . The action S n−1 constructed in the foregoing steps of recursion has the same functional structure as that for theŜ 0 given in Eq.(3.5). This can be seen from the fact that Eq.(3.14) has the same form as Eq.(3.13). An interesting thing is that the function of the counterterm in Eq.(3.10) is only to make a change to the variables in the first termŜ n−1 . If the coefficients in Eq.(3.19) are assumed to be infinitesimal, we have the following variations:
(Note: we assume here that the field variables are commuting and the source variables are anticommuting for convenience of statement). According to the definition given in Eq.(3.15) and noticing the ghost equation obeyed by thê S n−1 , Eq.(3.20) allows us to writê
where the coefficients Y n i are defined as
In the above, the expression written in Eq.(3.19) has been used to evaluate the differentials. Considering that the functionals in the first term of Eq.(3.17) are gauge-invariant and of the same functional structure as those terms in theŜ n−1 which are the functionals of the fields A a µ ,ψ and ψ, we are allowed to change the field variables from ϕ i to ϕ 
where Z n i andZ n i are the n-th order multiplicative renormalization constants for the field and source variables respectively. Eq.(3.24) establishes the recursive relation of the renormalization. When the order n tends to infinity, we obtain from Eq.(3.24) by recursion the following result
are the bare quantities appearing in the unrenormalized actionŜ 0 , and the renormalization constants are given by 6,12
Eq.(3.25) shows us that the renormalized action has the same functional structure as the unrenormalized one.
To be more specific, let us firstly describe the one-loop renormalization of the functional Γ 1 starting from the action written in Eqs.(3.4) and (3.5).
As pointed out before, in this case, we have to introduce a counterterm as mentioned in Eqs.(3.7) and (3.8) whose general form was given in Eq.(3.17) with the order label n=1,. In the first term of Eq.(3.17), the BRST-invariant functionals of the variables A a µ ,ψ and ψ can only be
The corresponding coefficients in Eq.(3.17) will be written as a G , a F , a M and a m . In the following, the order label will be suppressed and the source terms in Eq.(3.5) and (3.17) will be omitted for simplicity because these terms act only in the intermediate stages 
When we define renormalization constants as below
and noticing the relation given in Eq.(3.4), We may write the full action as follows
where the subscript T has been suppressed in the gluon mass term, but, it should be understood that the vector potential in Eq. From Eq.(3.34), it is clear to see that
This precisely is the Slavnov-Taylor identity 13 obtained in the massless QCD. If we define the bare quantities as
and use the identity in Eq.(3.36), we arrive at
is the unrenormalized action. Eqs.(3.4), (3.5), (3.38) and (3.39) indicate that the actions, renormalized and unrenormalized, have the same structure and thus the same symmetry, just as we met in the massless gauge field theory. We note here that although the above results are obtained in the one-loop renormalization, they can, actually, be considered to be the exact ones. In fact, for removing the two-loop divergence in theΓ, obviously, the second cycle of recursion of the renormalization can be carried out in the same way as stated in Eqs. Now, we are in a position to describe the renormalizability of the theory in the general gauges. We firstly note that the results in the Landau gauge as given before can directly be extended to the other gauges. To see this point, let us analyze the W-T identity for the general gauge which was given in Eq. (2.28) in paper II and is rewritten aŝ
where we have set
and the symbol "*" was defined in Eq.(3.2). In the loop expansion, when Eqs.(3.3) and (3.6) are substituted in Eq.(3.40), one may obtain a series of equations among which the equations of orderh n are
where the symbol ρ(Ŝ 0 ) was defined in Eq.(3.15) and the fact that the ω is of zeroth order ofh has been noticed. This fact is obvious because we start from renormalized field functions and parameters in the additional renormalization. The action defined in Eq.(3.10) with the ∆Ŝ n−1 being given in Eq.(3.9) is also required to satisfy the W-T identitŷ
When Eq.(3.6) is inserted into the above equations, it is easy to find an equation which shows that the last term in Eq.(3.42) equals to zero. Therefore, we still have the equation as shown in Eq.(3.13) and the one written in Eq.(3.14). In addition, when Eq.(3.6) is substituted in the ghost equation
which was given in Eq.(2.29) in paper II, obviously, we still have the equation written in Eq.(3.16) for the divergent partΓ d n . Therefore, the counterterm, as the solution to Eqs.(3.14) and (3.16), is still expressed by Eqs.(3.17), (3.19) and (3.28)-(3.31) with a note that except for the gluon mass term, the vector potential in Eqs.(3.17) and (3.19) now becomes full one, and the statements in Eqs.(3.20)-(3.27) completely hold for the general gauges. The results described in Eqs.(3.32)-(3.39), as easily seen, except for a few supplements for the gluon and ghost particle mass terms, are also preserved in the present case. The gluon mass term in Eq.(3.5) is now written for the full vector potential, or say, a longitudinal field mass term is supplemented to Eq.(3.5). When the counterterems in Eq.(3.17) are added to the action, the mass term becomes
This term should replace the corresponding term in Eq.(3.32) to appear in the action. In the above, the factor Y 2 A arises from the variable change generated by the counterterm given in the second term in Eq.(3.17), as shown in Eqs.(3.21) and (3.22) and the factor Y m comes from the counterterm for the transverse field mass term as denoted in Eq.(3.31). When we notice the last equality in Eq.(3.34) and define
Eq.(3.45) can be written as
where the orthonormality between the transverse and longitudinal variables has been considered. With the above expression, the gluon mass term in Eq. Let us turn to the renormalization of the ghost particle mass term. From the last equality in Eq.(3.37), we see, the renormalization of the gluon mass and the gauge parameter renders the ghost particle mass to be a renormalizationinvariant quantity, similar to the kinetic operator 2 in the Landau gauge. Therefore, in the general gauge, the ghost particle kinetic term in Eq.(3.32) may directly be extended to the form
where the factors Y
−1
A and Y C arise respectively from the change of the variablesC a and C a which are caused by the counterterm contained in the second term in Eq.(3.17), as described in Eqs.(3.21) and (3.22) . With the definitions given in Eqs.(3.34) and (3.37), Eq.(3.49) can be represented as
In the general gauge, the ghost particle kinetic terms in Eqs.(3.35) and (3.39) should be replaced by the terms on the LHS and RHS of Eq.(3.50), respectively.
The derivations and results stated in this section clearly show that the divergences appearing in the perturbative calculations for the massive gauge field theory can indeed be eliminated by introducing a finite number of counterterms as shown in Eqs. (3.17) , (3.19) and (3.28)-(3.31). Saying equivalently, these divergences may be absorbed into a finite number of renormalization constants and thus be removed by redefining the wave functions and the physical parameters. In view of this. we may say, the renormalizability of the massive non-Abelian gauge field theory without Higgs mechanism is absolutely no problem.
COMMENTS AND CONCLUSIONS
Contrary to the prevailing notion that it is impossible to build a renormalizable massive gauge field theory without recourse to the Higgs mechanism 1−10 , we have succeeded in establishing such a theory and proved that this theory is renormalizable. The basic point to achieve this success is the consideration that the massive gauge field is a constrained system in the whole space of the full vector potential and the Lorentz condition as a constraint must be initially introduced and imposed on the Lagrangian expressed in terms of the full vector potential so as to limit the unphysical constrained variable in the Lagrangian. This point was not realized previously. In the earlier works of investigating the massive gauge field theory 1−6 , authors all started with the massive Yang-Mills Lagrangian and considered that this Lagrangian forms a complete description of the massive gauge field dynamics. When using this Lagrangian to construct the quantum theory, they found that except for the neutral vector meson field in interaction with a conserved current, the theory is nonrenormalizable because of the presence of the mass term. The typical arguments are the following. In Ref.(3) , the authors showed an equivalence theorem by which they gave a Hamiltonian derived from the Lagrangian by introducing an auxiliary Stueckelberg field. When making an unitary transformation to the Schrodinger equation, the mass term in the Hamiltonian becomes dependent on the auxiliary field and contains an infinite number of terms in its expansion of power series which leads to bad unrenormalizability.
In Ref.(4) , the equivalence theorem was given in the form of S-matrix. The author also introduced the Stueckelberg field and used it to make a finite gauge transformation to the fields involved in the theory. As a result. the mass term in the S-matrix contains an exponential function of the auxiliary field which gives rise to an infinite variety of distinct primitively divergent graphs that can not be eliminated by the introduced conditions imposed on the gauge transformation. Later, the authors in Refs. (5) and (6) made the usual finite gauge transformations to the generating functional of Green's functions which is built by the Lagrangian mentioned above and obtained the same result that the gauge boson mass term depends on the parametric function of the gauge group and contains various unrenormalizable infinities. Similarly, the theory constructed by introducing the group-valued Stueckelberg field to the mass term was also shown to be nonrenormalizable due to the nonpolynomiality of the Stueckelberg function 7−10 . Let us make comments on the above argument. Firstly, we note that the Lagrangian they started with, as was pointed out in paper I, can not serve a complete description for the massive gauge field dynamics because it contains redundant unphysical degrees of freedom arising from the longitudinal part of the vector potential, the residual gauge degrees of freedom and/or the Stueckelberg field. If the unphysical degrees of freedom are not restricted by appropriate constraint conditions, the Lagrangian can not be used to construct a correct theory. For example, from the theory given by the massive Yang-Mills Lagrangian, as shown in paper I, one can only get a wrong gauge boson propagator
in which the term proportional to k µ k ν /m 2 leads to horrible nonrenormalizability. In our theory, the good renormalizability originates from the fact that in the effective Lagrangian, the gauge-fixing term and the ghost term coming from the constraints just play the role of quenching the effect of the unphysical degrees of freedom contained in the Lagrangian. Another point worthy of note is that in the previous works mentioned above, the finite gauge transformations were made and used to demonstrate the nonrenormalizability of the theory. However, as was pointed out in Sect.2 of paper I, in the physical space restricted by the Lorentz condition, the infinitesimal gauge transformation is only needed to be considered. The present quantum gauge field theories such as the standard model, actually, are set up on this basis. Otherwise, the theories would be different and troublesome. In view of this, let us comment on some aspects of the previous works further. In Ref. (5), the author found a relation by which any non-Abelian vector field may be represented as a gauge transformation of the transverse field and tried to separate the gauge degrees of freedom from the transverse ones. He eventually failed to do it because the coupling between the both degrees of freedom does not vanish upon integration. Nevertheless, we note, under the infinitesimal transformation, the coupling disappears. Especially, the renormalizability conditions introduced in Ref. (4) will be fulfilled for the non-Abelian gauge field if the infinitesimal gauge transformation is concerned only. As for the problem of nonrenormalizability argued in Ref. (6) , it was pointed out in the last section of paper I that if the operation of quantization is performed in a correct way, the unrenormalizable terms can not appear in the effective Lagrangian.
The massive gauge field theory presented in paper I and this paper fulfills the original belief 16 that such a theory should naturally go over into the massless theory in the zero-mass limit. At present, the massless QCD has widely been recognized to be the candidate of the strong interaction theory and has been proved to be compatible with the present experiments. However, we think, the massive QCD would be more favorable to explain the strong interaction phenomenon, particularly, at the low energy domain because the massive gluon would make the force range more shorter than that caused by the massless gluon. Especially, in some phenomenological investigations, such as the calculation of glueball spectra 17 and the studies of hadron-antihadron low energy annihilation phenomena 18 , the gluon mass was necessarily introduced by hand so as to get fairly reasonable results. As for the high energy and large momentum transfer phenomena, as seen from the massive gluon propagator, the gluon mass gives little influence on the theoretical result so that the massive QCD could not conflict with the wellestablished results gained from the massless QCD. The formalism provided in the former papers and this paper suggests that the Higgs mechanism may be unnecessary in the weak interaction theory. But, this does not mean that the spontaneous symmetry-breaking mechanism is useless. The first example is the chiral σ-model originally proposed by Gell-Mann and Levy 19 . Because it is quite successful in explaining the hadron interaction phenomena, this model still is widely applied in the today's nuclear physics. As one knows, even though the σ field phenomenologically is useful. there is no any real σ-meson discovered in experiments. The σ-field can only be viewed as a phenomenological field 6 which incorporates some nonperturbative effects through the vacuum symmetry-breaking mechanism. The situation presumably is similar for the present weak interaction model where the Higgs field appearing in the model has the same property as the σ-field. With the belief that the basic dynamics for a massive gauge field must be formally simple and of an exact gauge symmetry, we think, it is a meaningful attempt to establish a gauge-symmetric weak interaction theory without involving the Higgs particle in it. Such a theory, is likely to be constructed starting from a SU(2) gauge-invariant action written for the chiral fermions and the massive gauge bosons. What is the connection between the theory with an exact gauge-symmetry and the model with a broken gauge-symmetry? This is an interesting subject worthy of pursuing in the future.
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